1. Introduction {#sec1-jcm-08-01603}
===============

Colorectal cancer (CRC) is one of the most common cancers worldwide. Five-year survival for patients with early CRC is approximately 90%, while for patients with advanced CRC, survival drops to 8%--12%. The prognosis can improve significantly with the introduction of population screening programs; however, 40%--50% of CRC patients still develop metastases \[[@B1-jcm-08-01603],[@B2-jcm-08-01603]\]. Cancerogenesis of CRC is divided into well-established discrete stages, from normal mucosa to invasive carcinoma. The majority of CRC develops from precursor lesions---adenomas. The molecular pathways that are responsible for transformation of normal mucosa to adenoma and CRC are well understood and include stepwise accumulation of mutations (microsatellite instability or MSI pathway; chromosome instability or CIN pathway), epigenetic changes (CpG island methylator phenotype, CIMP) and changes in gene expression \[[@B3-jcm-08-01603],[@B4-jcm-08-01603]\]. The majority of events occur before the formation of adenoma. Despite extensive research, the role of epithelial-mesenchymal transition (EMT) remains one of the controversial aspects of CRC development from normal mucosa to adenoma and carcinoma. EMT is believed to be one of the key processes in development of metastases in CRC, being responsible for the increased motility of cancer cells at the invasive front \[[@B5-jcm-08-01603],[@B6-jcm-08-01603],[@B7-jcm-08-01603]\].

EMT is one of the crucial processes in embryonal development, being essential for morphogenesis and organ development \[[@B5-jcm-08-01603]\]. In adult life, it contributes to physiological and pathological processes, such as wound healing, tissue regeneration, organ fibrosis and development and progression of malignant tumours. During EMT, epithelial cells undergo extensive changes that lead to separation of cells, re-organization of the extracellular matrix and an increase in cell motility, and invasion \[[@B6-jcm-08-01603],[@B7-jcm-08-01603],[@B8-jcm-08-01603],[@B9-jcm-08-01603]\].

EMT is difficult to observe at a molecular level due to the reversible nature of changes, present only in a minority of cells \[[@B6-jcm-08-01603],[@B7-jcm-08-01603],[@B9-jcm-08-01603]\]. Several markers of EMT have been described since its postulated contribution to cancer development \[[@B5-jcm-08-01603],[@B6-jcm-08-01603],[@B7-jcm-08-01603],[@B8-jcm-08-01603],[@B9-jcm-08-01603],[@B10-jcm-08-01603]\]. Besides up-regulation of transcriptional factors of EMT, several miRNAs have been found to be involved in EMT regulation, the most frequent finding being down-regulation of the *miR-200* family (*miR-200a*, *miR-200b*, *miR-200c*, *miR-141*, *miR-429*), which is an important feature of EMT \[[@B2-jcm-08-01603],[@B6-jcm-08-01603]\]. Transcription factors of EMT and their regulators are thought to support all cancer stages: from tumour initiation, establishment of precancerous lesion, accumulation of genetic alterations and escape from tumour surveillance and development of metastases \[[@B11-jcm-08-01603]\].

Despite numerous publications suggesting that EMT might be responsible for metastases development in CRC \[[@B2-jcm-08-01603],[@B10-jcm-08-01603],[@B12-jcm-08-01603]\], there is limited data about the involvement of EMT, including the *miR-200* family and their target genes \[[@B13-jcm-08-01603]\], at early stages of CRC cancerogenesis. There is also limited data on differential expression of the *miR-200* family in different parts of the tumour, i.e., at the invasive front of CRC in comparison to the central part of the tumour, suggesting intra-tumour heterogeneity (ITH). ITH has emerged as an important phenomenon in cancer and it is related to different morphologic and phenotypic profiles of tumour cell in various parts of the tumour, including cellular morphology, gene expression and (epi)genetic/genomic aberrations, as well as metastatic potential. It is believed to contribute to cancer progression, resistance to therapy and recurrences \[[@B14-jcm-08-01603]\]. ITH of the *miR-200* family might contribute to a lower expression of epithelial markers and gain of mesenchymal markers at the invasive front \[[@B13-jcm-08-01603]\].

We therefore hypothesized that EMT in CRC might be responsible for malignant transformation of adenoma to carcinoma, development of metastases to the regional lymph nodes and ITH. Our aim was to investigate expression of the *miR-200* family and their target genes in CRC cancerogenesis from normal mucosa to adenoma and carcinoma without and those with nodal metastases. To the best of our knowledge, there has been no research systematically exploring the involvement of the *miR-200* family and their target genes in all stages of CRC development.

2. Experimental Section {#sec2-jcm-08-01603}
=======================

2.1. Tissue Samples {#sec2dot1-jcm-08-01603}
-------------------

Tissue samples from 40 patients with adenoma and CRC were included in the study. For routine histopathologic examination, tissue samples were fixed in 10% buffered formalin and embedded in paraffin (FFPE). CRC specimens were evaluated according to standard procedures and after histopathologic examination, pTNM (pathologic Tumour Node Metastasis) classification was assessed on the basis of the depth of invasion and extent of the primary tumour, the number of lymph nodes with metastases, and the presence of distant metastases \[[@B15-jcm-08-01603]\]. Samples were collected retrospectively from the archives of the Institute of Pathology, Faculty of Medicine, University of Ljubljana. For all patients, tumour samples and samples of normal mucosa (if available) were included. Patients treated either by radiotherapy, chemotherapy or biologic drugs prior to surgery were excluded from the study. On the basis of clinical and histopathological features, samples were divided into three groups: patients with adenoma (*n* = 10), patients with carcinoma without nodal metastases (CRC N0, *n* = 13), patients with carcinoma with nodal metastases (CRC N+, *n* = 17).

In all cases, EMT was evaluated based on the expression of E-cadherin, *miR-200* family and miRNAs target genes. For the purpose of the study, adenomas were compared to carcinoma and normal colon mucosa. Carcinoma with regional lymph node metastases were compared to those without lymph node metastases. ITH was analysed comparing the invasive front of the tumour and the centre of the tumour in both CRC N0 and CRC N+ groups.

The investigation was carried out following the rules of the Declaration of Helsinki. The study was approved by the National Medical Ethics Committee (Republic of Slovenia, Ministry of Health).

2.2. Immunohistochemistry {#sec2dot2-jcm-08-01603}
-------------------------

FFPE tissue samples were cut at 4 µm for immunohistochemistry. All reagents were from Ventana Medical Systems Inc. (Tuscon, AZ, USA) except where otherwise indicated. Commercially available antibodies against E-cadherin (Dako Agilent, Santa Clara, CA, USA, M3612, clone NC4-38, dilution 1:10) were used. Deparaffinization, antigen retrieval and staining were performed in an automatic immunostainer (Benchmark XT, Ventana, Tuscon, AZ, USA) using horseradish peroxidase (iVIEW DAB Detection Kit, Roche, Basel, Switzerland) for colour development. The sections were then counterstained with haematoxylin.

2.3. RNA Isolation from Formalin-Fixed Paraffin Embedded (FFPE) Tissue Samples {#sec2dot3-jcm-08-01603}
------------------------------------------------------------------------------

### 2.3.1. RNA Isolation from FFPE Tissue Slides {#sec2dot3dot1-jcm-08-01603}

Tissue samples were cut at 10 μm from FFPE tissue blocks and four sections were used for the isolation procedure. Total RNA isolation was performed using an AllPrep DNA/RNA FFPE kit (Qiagen, Hilden, Germany) according to the manufacturer's protocol. The concentration and quality of the isolates were assessed with a spectrophotometer ND-1000 (Nanodrop, Thermo Fisher Scientific, Waltham, MA, USA) at wavelengths 260, 280 and 230 nm.

### 2.3.2. RNA Isolation from FFPE Tissue Cores (Punched) Samples {#sec2dot3dot2-jcm-08-01603}

For analysis of ITH, tumour samples were punched from FFPE tissue blocks (from invasive front and central part of tumour) using a 600 μm needle. For the isolation procedure, 3 punches were used from each tumour region. Total RNA isolation was performed using a MagMax FFPE DNA/RNA Ultra kit (Applied Biosystems, Foster City, CA, USA) according to the manufacturer's protocol with one modification. Protease digestion was performed overnight at 56 °C with shanking for 15 s at 300 rpm every 4 min. The concentration and quality of the isolates were assessed with a spectrophotometer ND-1000 (Nanodrop, Thermo Fisher Scientific, Waltham, MA, USA) at the wavelengths 260, 280 and 230 nm.

### 2.3.3. RNA Quality Assessment {#sec2dot3dot3-jcm-08-01603}

Reverse transcription (RT) followed by amplification of the *GAPDH*, a housekeeping gene (100 base pairs), using quantitative real-time PCR (qPCR) and Sybr Green technology, was used as quality control. All of the samples included in the study had passed amplification of *GAPDH* (initially quality control) and those that did not amplify were not included in the study (we isolated at least twice as many samples as are included within this manuscript). Second, for selected genes, we chose TaqMan primers and probes that amplify and detect PCR products less than 100 bp long ([Table 1](#jcm-08-01603-t001){ref-type="table"}).

2.4. Analysis of Expression of Family miR-200 and miR-205 {#sec2dot4-jcm-08-01603}
---------------------------------------------------------

miRNAs family *miR-200* was analysed using qPCR based on the TaqMan methodology (Thermo Fisher Scientific, Waltham, MA, USA). A pre-designed mixture of probes and primers specific for target miRNAs expression was used. Prior to qPCR, three pools of RNA samples were created, obtained from normal mucosa, adenomas and advanced CRC. After RT, the cDNA was diluted in five steps, ranging from 4-point dilution to 1024-point dilution, and the probes were tested for qPCR efficiency. All the qPCR efficiency reactions were performed on a RotorGene Q (Qiagen, Hilden, Germany) in triplicate.

### 2.4.1. Reverse Transcription (RT) {#sec2dot4dot1-jcm-08-01603}

Looped primers for specific reverse transcription (RT) of miRNAs and a MicroRNA TaqMan RT kit (Applied Biosystems, Foster City, CA, USA) were utilized following the manufacturer's protocol. *RNU6B* and *miR-1247b* were used as reference genes (RGs). MicroRNAs, *miR-141*, *miR-200a*, *miR-200b*, *miR-200c* and *miR-429* were tested relative to the geometric mean of expression of *RNU6B* and *miR-1247b* ([Table 1](#jcm-08-01603-t001){ref-type="table"}). Briefly, a 10 μL RT reaction master mix was performed with 10 ng of total RNA sample, 1.0 μL of MultiScribe Reverse Transcriptase (50 U/μL), 1.0 μL of Reverse Transcription Buffer (10×), 0.1 μL of dNTP (100 mM), 0.19 μL RNAase inhibitor (20 U/μL), and 2.0 μL of RT primer (5×). The reaction conditions were: 16 °C for 30 min, 42 °C for 30 min, 85 °C for 5 min.

### 2.4.2. Quantitative Real-Time PCR (qPCR) {#sec2dot4dot2-jcm-08-01603}

qPCR for miRNAs was carried out in a 10 μL PCR master mix containing 5.0 μL TaqMan 2× FastStart Essential DNA Probe Master (Roche, Basel, Switzerland), 0.5 μL TaqMan assay and 4.5 μL RT products diluted 100-fold. The qPCR reactions were performed on a RotorGene Q (Qiagen, Hilden, Germany) in duplicate, as follows: initial denaturation at 95 °C for 10 min, 40 cycles for 15 s at 95 °C (denaturation) and for 60 s at 60 °C (primers annealing and elongation). The signal was collected at the endpoint of every cycle.

2.5. Analysis of Expression of miR-200 Family Target Genes {#sec2dot5-jcm-08-01603}
----------------------------------------------------------

mRNA expression of protein-coding genes was analysed using qPCR based on the TaqMan methodology (Thermo Fisher Scientific, Waltham, MA, USA). A pre-designed mixture of probes and primers specific for target mRNAs expression was used. Prior to qPCR, four pools of RNA samples were created, obtained from normal mucosa, adenomas, advanced CRC without and CRC with nodal metastases. After RT and PreAmp, the pre-amplified cDNA was diluted in four steps, ranging from 5-point dilution to 625-point dilution, and the probes were tested for qPCR efficiency. All the qPCR efficiency reactions were performed on a RotorGene Q (Qiagen, Hilden, Germany) in triplicate.

### 2.5.1. Reverse Transcription (RT) {#sec2dot5dot1-jcm-08-01603}

Target mRNAs of the *miR-200* family, *CDKN1B*, *ONECUT2*, *PTPN13*, *RND3*, *SOX2*, *TGFB2*, *WAVE3*, *ZEB1* and *ZEB2* ([Table 1](#jcm-08-01603-t001){ref-type="table"}), were analysed relatively to the geometric mean of RGs, *IPO8* and *B2M*. mRNAs were reverse transcribed using a OneTaq RT-PCR Kit (New England Biolabs, Ipswich, MA, USA) using random primers according to the manufacturer's instructions. Reverse transcription reactions were started with 3.0 µL (60 ng) of total RNA and 1.0 µL of Random Primer Mix incubated at 70 °C for 5 min. The 10 μL RT master mix included 5.0 μL of M-MuLV Reaction Mix, 1.0 μL of M-MuLV reverse transcriptase and 4.0 μL of reaction mix after random priming. The reaction conditions were: 25 °C for 5 min, t 42 °C for 60 min and 80 °C for 4 min.

### 2.5.2. Pre-Amplification and Quantitative Real-Time PCR (qPCR) {#sec2dot5dot2-jcm-08-01603}

Following RT, pre-amplification was performed using a TaqMan PreAmp Master Mix (Applied Biosystems, Foster City, CA, USA) in 10 µL according to the manufacturer's protocol. The resulting PreAmp reaction was diluted 5-fold and 4.5 μL was used in a 10 μL reaction volume with a 5.0 μL of 2x FastStart Essential DNA Probe Master Mix (Roche, Basel, Switzerland) and 0.5 μL of TaqMan probe. Thermal conditions were applied as follows: 50 °C for 2 min, initial denaturation at 95 °C for 10 min and 40 cycles of denaturation at 95 °C for 15 s and annealing at 60 °C for 1 min. All qPCR analyses were performed on a Rotor Gene Q (Qiagen, Hilden, Germany) in duplicate. The signal was collected at the endpoint of each cycle.

2.6. Statistical Analysis of Experimental Data {#sec2dot6-jcm-08-01603}
----------------------------------------------

The results were presented as relative gene expression. All Cqs were corrected for PCR efficiencies and the expression of the gene of interest (GOI, Cq~GOI~) was calculated relative to a geometric mean of RGs (Cq~RG~), named ΔCq. In CRC samples, mRNAs and miRNAs expression differences were compared between tumours and adjacent normal tissue using ΔCq and the Willcoxon Rank test. For comparison of relative quantification of mRNA and miRNA between independent groups of samples (i.e., adenomas and normal mucosa), ΔCq and the Mann-Whitney test were used. The same test was used for comparison of tumours with nodal metastases to those without nodal metastases, except that ΔΔCq was used. For all correlations/associations, Spearman rank-order correlation was used. Statistical analysis of data was performed using SPSS version 24 (SPSS Inc., Chicago, IL, USA). Differences were considered to be significant at *p* \< 0.05.

3. Results {#sec3-jcm-08-01603}
==========

3.1. Patients and Tissue Samples {#sec3dot1-jcm-08-01603}
--------------------------------

The group of adenomas included 10 patients, the group of CRC without lymph node metastases (CRC N0) included 13 patients and the group of CRC with lymph node metastases (CRC N+) included 17 patients. As a control group, microscopically normal colon mucosa from surgical margins from 30 patients with CRC N0 and CRC N+ was used. Sex, age and location for each group are presented in [Table 2](#jcm-08-01603-t002){ref-type="table"}. Only cases with a clear-cut biopsy diagnosis were included. In the group of adenomas, there were four tubular adenomas with high grade dysplasia, four tubulovillous adenomas with high grade dysplasia and two tubulovillous adenomas with low grade dysplasia.

All tissue samples were fixed for 24 h in 10% buffered formalin prior to paraffin embedding. After fixation and embedding, tissues were cut into 3--4 µm slides and stained with haematoxylin and eosin for routine histopathological examination. For the purposes of our study, representative paraffin blocks were collected from the archives of the Institute of Pathology, Faculty of Medicine, University of Ljubljana.

3.2. Immunohistochemistry and Expression of E-Cadherin {#sec3dot2-jcm-08-01603}
------------------------------------------------------

E-cadherin staining was preserved in the normal colon mucosa and mostly in adenomas and carcinomas. However, in a proportion of samples of adenoma and carcinoma, we observed focal loss or weak staining of E-cadherin at the periphery of the lesion or the invasive front. All four cases of adenoma with decreased E-cadherin staining showed high-grade dysplasia. The staining of E-cadherin was also decreased in seven of 13 cases with CRC N0 and in nine of 17 cases with CRC N+. The results are summarized in [Figure 1](#jcm-08-01603-f001){ref-type="fig"} and [Figure 2](#jcm-08-01603-f002){ref-type="fig"} and [Table 2](#jcm-08-01603-t002){ref-type="table"}.

Microscopic analysis of the CRCs and adenomas showed that all cases retained an epithelioid morphology, even those with a decreased expression of E-cadherin. No spindle cell morphology was found in any case of adenoma or CRC, either in the central parts or at the invasive front ([Figure 1](#jcm-08-01603-f001){ref-type="fig"} and [Figure 2](#jcm-08-01603-f002){ref-type="fig"}).

3.3. Undetectable Expression of Markers of EMT {#sec3dot3-jcm-08-01603}
----------------------------------------------

The expression level of *miR-205*, *ZEB1* (target of *miR-200* family) and *WAVE3* (target of *miR-200b*) was beyond the detection limit when analysing the amplification efficiency on pooled samples. These EMT markers were therefore omitted from further analysis. Expression of *miR-205*, *ZEB1* and *WAVE3* was beyond the limit of detection in all groups, i.e., normal mucosa, adenoma, CRC N0 and CRC N+.

3.4. Expression of the miR-200 Family and Its Target Genes in Adenoma Compared to Normal Colon Mucosa {#sec3dot4-jcm-08-01603}
-----------------------------------------------------------------------------------------------------

The geometric mean of expression of RGs for miRNA was comparable between adenoma and normal mucosa of patients with CRC N0, but different from the geometric mean of expression in normal mucosa of patients with CRC N+. All the comparisons of adenoma to normal mucosa were therefore performed only with normal mucosa of CRC N0. We also observed a statistical difference for four out of five investigated miRNAs when comparing normal mucosa of CRC N0 with normal mucosa of CRC N+. This observation further supported our selection of normal mucosa samples for comparison of miRNAs and mRNAs expression to that in adenoma.

The expression of all miRNAs was up-regulated in adenoma compared to normal mucosa of CRC N0. Up-regulation was statistically significant in the case of *miR-141* (\~12.2-fold, *p* = 0.001), *miR-200b* (\~14.3-fold, *p* \< 0.001), *miR-200c* (\~23.4-fold, *p* \< 0.001) and *miR-429* (\~33.2-fold, *p* \< 0.001). Results are summarized in [Figure 3](#jcm-08-01603-f003){ref-type="fig"}a.

All investigated and expressed target genes, *CDKN1B*, *PTPN13*, *RND3*, *SOX2* and *ZEB2*, were down-regulated in adenoma compared to normal mucosa of CRC N0, except *ONECUT2* and *TGFB2*, which were up-regulated. Moreover, *PTPN13*, *SOX2* and *ZEB2* were expressed only in two out of 10 samples of adenoma, so a calculation of statistical significance would not be appropriate. To summarize, down-regulation reached statistical significance only in the case of *CDKN1B* (\~2.3-fold, *p* = 0.015) and *RND3* (\~5.9-fold, *p* \< 0.001), both targets of *miR-200b*. Results are summarized in [Figure 3](#jcm-08-01603-f003){ref-type="fig"}b.

We also observed a statistically significant strong negative correlation between the expression of *CDKN1B* and *miR-200a* (r~s~ = −0.648, *p* = 0.043) in adenomas.

3.5. Expression of the miR-200 Family and Its Target Genes in Carcinoma without Nodal Metastasis Compared to Normal Mucosa {#sec3dot5-jcm-08-01603}
--------------------------------------------------------------------------------------------------------------------------

Expression of all miRNAs was up-regulated in CRC N0 compared to corresponding normal mucosa, except *miR-200a*, which was down-regulated. Up-regulation was statistically significant in the case of *miR-141* (\~1.7-fold, *p* = 0.019) and *miR-429* (\~3.7-fold, *p* = 0.041). Results are summarized in [Figure 3](#jcm-08-01603-f003){ref-type="fig"}a.

In contrast to adenoma, investigated target genes *CDKN1B*, *PTPN13*, *RND3*, *SOX2* and *ZEB2* were up-regulated in CRC N0, except *ONECUT2* and *TGFB2*, which were down-regulated. Statistically significant up-regulation was observed for *CDKN1B* (\~3.0-fold, *p* = 0.015) and for *ZEB2* (\~2.7-fold, *p* = 0.011). Results are summarized in [Figure 3](#jcm-08-01603-f003){ref-type="fig"}b.

The Spearman coefficient of correlation showed that in CRC N0, expression of *miR-200a* was in correlation with the expression of *TGFB2* (r~s~ = 0.900, *p* = 0.037), *CDKN1B* was in correlation with *miR-141* (r~s~ = 0.683, *p* = 0.042) and *RND3* to *miR-200c* (r~s~ = 0.867, *p* = 0.002). All correlations were positive and strong or very strong. Results are presented in [Figure 4](#jcm-08-01603-f004){ref-type="fig"}.

3.6. Expression of the miR-200 Family and Its Target Genes in Carcinoma with Nodal Metastasis Compared to Normal Mucosa {#sec3dot6-jcm-08-01603}
-----------------------------------------------------------------------------------------------------------------------

The expression of all miRNAs, except *miR-200a*, was up-regulated in CRC N+ compared to corresponding normal mucosa; up-regulation was statistically significant in the case of *miR-200b* (\~19.4-fold, *p* \< 0.001), *miR-200c* (\~2.7-fold, *p* = 0.003) and *miR-429* (\~3.2-fold, *p* = 0.006). Results are summarized in [Figure 3](#jcm-08-01603-f003){ref-type="fig"}a.

Expression of miRNAs' targets was more heterogeneous in CRC N+ than in adenoma and CRC N0. *PTPN13*, *ONECUT*, *SOX2* and *RND3* were up-regulated, and *TGFB2*, *ZEB2* and *CDKN1B* showed down-regulation in CRC N+ compared to its corresponding normal mucosa. Statistical significance was reached only in the case of *CDKN1B* (\~1.5-fold, *p* = 0.017) and *ONECUT* (\~13.1-fold, *p* = 0.018). Results are summarized in [Figure 3](#jcm-08-01603-f003){ref-type="fig"}b.

The Spearman coefficient of correlation showed that *miR-200a*, *miR-200c* and *miR-141* were expressed in negative correlation with *TGFB2* in CRC N+ (r~s~ = −0.841, *p* = 0.005; r~s~ = −0.765, *p* = 0.016; r~s~ = −0.668, *p* = 0.049; respectively).

3.7. Expression of miRNAs and Their Target Genes in Adenomas Compared to Carcinomas {#sec3dot7-jcm-08-01603}
-----------------------------------------------------------------------------------

We observed a statistically significant difference in the expression patterns of *miR-200* family and their target genes when adenomas were compared to CRC N0 or CRC N+. Four miRNAs were differentially expressed between adenomas and either CRC N0 or CRC N+ (*miR-200a*, *p* = 0.026 and *p* \< 0.001, respectively; *miR-200c*, *p* = 0.001 and *p* \< 0.001, respectively; *miR-141*, *p* = 0.007 and *p* \< 0.001, respectively; *miR-429*, *p* = 0.011 and *p* \< 0.001, respectively); *miR-200b* was differentially expressed only between adenomas and CRC N+ (*p* = 0.003). Results are summarized in [Figure 5](#jcm-08-01603-f005){ref-type="fig"}a.

In contrast to miRNA, the only miRNAs target gene that was differentially expressed between adenomas and both CRC N0 and CRC N+ was *CDKN1B* (*p* \< 0.001 and *p* = 0.001, respectively). In adenomas, differential expression in comparison with CRC N0 was also observed for *ZEB2* (*p* = 0.034) and *SOX2* (*p* = 0.046), and in comparison with CRC N+, *ONECUT2* (*p* = 0.006) and *RND3* (*p* \< 0.001). Results are summarized in [Figure 5](#jcm-08-01603-f005){ref-type="fig"}b.

3.8. Comparison of Expression of miRNAs and Its Target Genes in Carcinoma with Nodal Metastases to Carcinoma without Nodal Metastasis {#sec3dot8-jcm-08-01603}
-------------------------------------------------------------------------------------------------------------------------------------

Expression in each carcinoma sample was normalized to its corresponding normal mucosa. Groups of CRC N0 and CRC N+ were then compared with each other. It was shown that there was no significant change in expression of investigated miRNAs between CRC N+ compared with CRC N0, except for *miR-200b*. Results are summarized in [Figure 6](#jcm-08-01603-f006){ref-type="fig"}a.

Target genes of the *miR-200* family, *ONECUT*2 showed up-regulation in CRC N+ compared with CRC N0 (*p* = 0.028), whereas *ZEB2* and *CDKN1B* showed down-regulation in CRC N+ compared with CRC N0 (*p* = 0.038 and *p* = 0.001, respectively). Results are summarized in [Figure 6](#jcm-08-01603-f006){ref-type="fig"}b.

3.9. Tumour Heterogeneity-Expression of the miR-200 Family in the Central Parts of Carcinoma Compared to the Invasive Front {#sec3dot9-jcm-08-01603}
---------------------------------------------------------------------------------------------------------------------------

In a subset of CRC N0 (*n* = 7) and CRC N+ samples (*n* = 8), there was enough material to obtain tissue cores from the central parts and invasive front of the tumour. All miRNAs were mainly down-regulated at the invasive front compared with central part of the tumour.

In the case of CRC N0, four out of seven samples showed down-regulation at the invasive front compared with the central part of tumour, with no statistically significant change in expression. In CRC N+, seven out of eight samples showed down-regulation at the invasive front compared with the central part, with certain miRNA expression being absent, i.e., *miR-200c*. A statistically significant difference in expression between the invasive front and central parts of the tumour was observed for *miR-200b* (*p* = 0.028) and *miR-429* (*p* = 0.028).

Additionally, the expression of *miR-200b* was significantly differentially expressed when invasive front (normalized to the central parts of the tumour) was compared between CRC N0 and CRC N+ (*p* = 0.046).

Results are presented in [Figure 7](#jcm-08-01603-f007){ref-type="fig"} as a heat-map of FC between invasive front and central parts for each sample.

3.10. Expression of E-Cadherin and Correlation of Its Expression to the Expression of miRNAs and mRNAs {#sec3dot10-jcm-08-01603}
------------------------------------------------------------------------------------------------------

All miRNAs showed down-regulation and all their target genes showed up-regulation in samples of CRC when comparing those with focal or weak E-cadherin staining with those with preserved staining. A statistically significant change in expression was observed in the case of all miRNAs (*p* = 0.036 for *miR-141*, *p* = 0.003 for *miR-200a*, *p* = 0.014 for *miR-200b*, *p* = 0.003 for *miR-200c*, *p* = 0.034 for *miR-429*) and in the case of SOX2 (*p* = 0.05). Results are summarized in [Figure 8](#jcm-08-01603-f008){ref-type="fig"}a,b.

3.11. Correlations between miRNAs and Their Target Genes across All Samples {#sec3dot11-jcm-08-01603}
---------------------------------------------------------------------------

Numerous correlations were observed between the expression of miRNAs and the expression of their target genes. Surprisingly, correlations between the expression of certain miRNAs and genes that are not yet functionally validated as targets for that particular miRNA, were also observed. All observed correlations are summarized in table ([Table 3](#jcm-08-01603-t003){ref-type="table"}).

Additionally, the expression of *miR-200b* (r~s~ = −0.499, *p* \< 0.001) and *miR-429* (r~s~ = −0.287, *p* = 0.014) were in negative correlation with the severity of the disease (normal mucosa, adenoma, CRC N0 and CRC N+). When samples were divided into only three groups (normal mucosa, adenoma and CRC), a correlation of the severity of the disease was observed with the expression of a higher number of miRNAs and their target genes, namely *miR-200b* (r~s~ = −0.620, *p* \< 0.001), *miR-200c* (r~s~ = −0.401, *p* \< 0.001), *miR-141* (r~s~ = −0.420, *p* \< 0.001), *miR-429* (r~s~ = −0.522, *p* \< 0.001), and *CDKN1B* (r~s~ = 0.377, *p* = 0.007), *PTPN13* (r~s~ = −0.426, *p* = 0.006), and *RND3* (r~s~ = 0.467, *p* = 0.016).

4. Discussion {#sec4-jcm-08-01603}
=============

EMT has emerged as an important mechanism in cancerogenesis but its role in CRC remains only partially understood. Full EMT is usually observed only in well-controlled experimental conditions, e.g., in cell lines, but it is rarely observed in human tumours \[[@B11-jcm-08-01603],[@B16-jcm-08-01603]\]. We therefore hypothesized that partial EMT, but not full EMT, is induced during CRC cancerogenesis. Our previous studies showed that the use of a single or a few epithelial or mesenchymal markers as a tool for following EMT as a whole is not appropriate \[[@B16-jcm-08-01603]\]. We therefore used several EMT markers (E-cadherin, *miR-200* family and their target genes) in correlation with morphology. Our results support the hypothesis that EMT plays an important role in CRC, both in its development and progression, but only as partial EMT. Our analysis was performed on normal mucosa, adenoma, and carcinoma, including CRC cases with and without nodal metastases, and a comparison between the invasive front and central part of the tumours.

We first analysed the expression of members of the *miR-200* family, which have been demonstrated as one of the key regulators of EMT in various experimental and human studies \[[@B11-jcm-08-01603],[@B16-jcm-08-01603],[@B17-jcm-08-01603]\]. We found that all five investigated miRNAs were significantly down-regulated in CRC in comparison with adenoma. Both *miR-200a* and *miR-200b* down-regulation have already been described in CRC samples \[[@B18-jcm-08-01603],[@B19-jcm-08-01603],[@B20-jcm-08-01603]\]. However, the results on *miR-141*, *miR-200c* and *miR-429* expression in previous studies are controversial. Whereas, one study described decreased expression of *miR-141* in CRC tissue \[[@B21-jcm-08-01603]\], another study reported up-regulation in CRC compared with adjunct normal mucosa \[[@B22-jcm-08-01603]\]. Similarly, *miR-200c* was observed as up-regulated in some studies \[[@B23-jcm-08-01603],[@B24-jcm-08-01603],[@B25-jcm-08-01603]\] but down-regulated in others \[[@B26-jcm-08-01603]\]. Furthermore, *miR-429* has previously been described as both down-regulated \[[@B27-jcm-08-01603]\] and up-regulated in CRC tissue \[[@B28-jcm-08-01603],[@B29-jcm-08-01603]\]. Our study also showed that all members of the *miR-200* family were up-regulated in adenomas and all, except *miR-200a*, in CRC compared with normal mucosa. In contrast to CRC, there are limited data in the literature on expression of the *miR-200* family in colorectal adenomas and rare published studies have reported that *miR-200a* and *miR-200c* were not significantly changed in adenoma tissue when compared with normal mucosa \[[@B30-jcm-08-01603]\].

The finding of a partial EMT induction is further supported by immunohistochemical analysis of E-cadherin, showing focal loss or weak expression in a proportion of adenoma and CRC, and its correlation with down-regulation of all members of the *miR-200* family. Similarly to previously reported studies on E-cadherin expression \[[@B31-jcm-08-01603]\], we found that staining was preserved in all cases of CRC and adenoma, with prevailing membranous immunoreactivity. However, in contrast to our results, a previous study reported that there was no difference between protein expression in tumours and normal mucosa. Another study reported a similar observation as in our study, i.e., E-cadherin expression in all colorectal adenomas and CRC, although it presented with reduced expression in half of them \[[@B32-jcm-08-01603]\]. It has been previously described that *miR-200a* is down-regulated in cells with a reduced expression of E-cadherin protein \[[@B18-jcm-08-01603]\], whereas *miR-200b* decline was not statistically associated with expression of E-cadherin \[[@B33-jcm-08-01603]\]. However, there are limited data about the expression of other members of the *miR-200* family in correlation with E-cadherin protein expression. Our study thus suggests that EMT is induced during CRC cancerogenesis through down-regulation of the *miR-200* family, resulting in a focal loss or weak expression of E-cadherin that might be often observed in partial EMT, in which cells transiently acquire the maximum plasticity and attain hybrid epithelial/mesenchymal phenotype \[[@B34-jcm-08-01603]\].

Though these results strongly suggest induction of EMT in CRC, one criterion for full EMT was not fulfilled, i.e., morphology. When we performed microscopic analysis of CRC and adenoma in comparison with E-cadherin immunohistochemistry, we found that all cases retained an epithelioid morphology, even those with decreased expression of E-cadherin. No spindle cell morphology was found in any case of adenoma or CRC, either in the central parts or at the invasive front. Cell--cell junctions connect epithelial cells, they are polarized, differentiating epithelia from other tissues. In contrast, mesenchymal cells are not polarized and do not possess cell--cell junctions. They are therefore able to migrate through the extracellular matrix, invade and resist apoptosis. During full EMT, epithelial cells undergo extensive changes, they lose polarity, cell--cell junctions (i.e., loss of functional E-cadherin) and reorganize their cytoskeleton, resulting in spindle shaped cells. All these changes lead to a separation of cells and an increase in cell motility at the invasive front \[[@B2-jcm-08-01603],[@B5-jcm-08-01603],[@B6-jcm-08-01603],[@B7-jcm-08-01603],[@B8-jcm-08-01603],[@B9-jcm-08-01603],[@B10-jcm-08-01603],[@B11-jcm-08-01603],[@B12-jcm-08-01603]\].

Interestingly, when we compared *miR-200* family expression in the central parts of the tumours and the invasive front, we found their down-regulation at the invasive front in 73% of cases. However, the difference was significant only for *miR-200b*. This finding further supports the concept of ITH even on the level of miRNAs \[[@B14-jcm-08-01603]\]. *miR-200b* was found to be down-regulated in tumour budding cells at the invasive front in 71% of cases \[[@B33-jcm-08-01603]\] and is believed to have a tumour-promoting role in CRC by targeting *RND3* and *CDKN1B* \[[@B35-jcm-08-01603]\]. In addition to *miR-200b*, several published data also described decreased expression of *miR-200c* at the invasive front of the tumour in metastatic CRC cases \[[@B36-jcm-08-01603],[@B37-jcm-08-01603],[@B38-jcm-08-01603]\]. Additionally, *miR-200a/b/c* were also found to be down-regulated at the invasive front of CRC cases with degraded basement membrane \[[@B39-jcm-08-01603]\] but there is limited data in the literature about the expression of *miR-141* and *miR-429* at the invasive front. Down-regulation of the *miR-200* family is believed to be correlated with the loss of the epithelial and gain of the mesenchymal-like phenotype at the invasive front, resulting in increased invasiveness of the CRC tumour cells, thus contributing to migration through the extracellular matrix, colonization of the lymph node and metastatic potential \[[@B40-jcm-08-01603]\]. There is limited data on the expression of coding and/or non-coding genes at the invasive front in comparison with the tumour centre. Previous studies \[[@B38-jcm-08-01603],[@B39-jcm-08-01603]\] and our findings indicate an expression gradient of the *miR-200* family related to ITH. However, recent publications have reported ITH mainly in the context of mutation, copy number variation and methylation status \[[@B41-jcm-08-01603],[@B42-jcm-08-01603],[@B43-jcm-08-01603]\]. ITH includes spatial and temporal ITH, morphological ITH, clonal ITH (derived from genomic instability), and non-clonal ITH (derived from microenvironment interactions). Since ITH is believed to be closely related to cancer progression, resistance to therapy, and recurrence, it is important to consider different types of ITH when investigating mechanisms of cancer progression, prognosis and treatment opportunities \[[@B14-jcm-08-01603]\].

One of the most important aspects of CRC is its metastatic capacities. We therefore analysed the contribution of EMT to the development of nodal metastases. Since invasive properties and metastatic potential are not equivalent functional terms \[[@B44-jcm-08-01603]\], we compared CRC cases without with those witht nodal metastases. We found statistically significant up-regulation of *miR-200b* in CRC with compared with CRC without nodal metastases, implicating miRNAs and possibly EMT in the progression of CRC. This observation and the observed potential invasive role of *miR-200b* in CRC suggest a contribution of *miR-200b* to the invasive and metastatic properties of CRC. Expression of *miR-200b* and *miR-429* were also in correlation with the pTNM stage of CRC, further suggesting a role not only of *miR-200b* but also *miR-429* in CRC progression. It has already been reported that both *miR-200b* and *miR-429* might contribute to the metastatic potential of CRC \[[@B20-jcm-08-01603],[@B29-jcm-08-01603],[@B45-jcm-08-01603]\] and moreover, that up-regulation of *miR-141* contributes to the development of distant metastases in breast cancer \[[@B46-jcm-08-01603]\].

We also investigated target genes (*CDKN1B*, *ONECUT2*, *PTPN13*, *RND3*, *SOX2*, *TGFB2*, *WAVE3*, *ZEB1* and *ZEB2*) of the *miR-200* family. Interestingly, only *CDKN1B*, *ONECUT2* and *ZEB2* were differentially expressed in CRC without nodal metastases compared with CRC with nodal metastases. *ZEB2* and *CDKN1B* are targets of *miR-200b* and *ONECUT2* is a target of *miR-429*. Our observation in relation to *CDKN1B* is in accordance with a previously reported study showing that reduced expression of *CDKN1B* is correlated with a poor prognosis for patients with CRC \[[@B47-jcm-08-01603]\]. Using experimental models, it has been shown that *miR-429* reverses TGF-β-induced EMT by interfering with ONECUT2 in CRC cells \[[@B26-jcm-08-01603]\]. However, to the best of our knowledge, this is the first report of ONECUT2 involvement in the human metastatic potential of CRC. In contrast, it has already been reported that ZEB2, which is one of the first identified *miR-200* family targets, promotes tumour metastatic potential and correlates with a poor prognosis for human CRC \[[@B48-jcm-08-01603],[@B49-jcm-08-01603],[@B50-jcm-08-01603]\]. We observed an inverse expression of *miR-200b* and *ZEB2* in CRC with nodal metastases compared with CRC without nodal metastases, further supporting the postulated *ZEB/miR-200* interaction in CRC cancerogenesis \[[@B50-jcm-08-01603]\].

In addition to metastatic potential, all target genes were differentially expressed in CRC compared with normal mucosa. Interestingly, this finding is opposite to that observed in adenoma compared with normal mucosa. The majority of target genes (*CDKN1B*, *PTPN13*, *RND3*, *SOX2* and *ZEB2*) were down-regulated in adenoma compared to normal mucosa. Moreover, *PTPN13*, *SOX2* and *ZEB2* showed detectable expression only in two out of 10 adenoma cases, whereas *ONECUT2* and *TGFB2* were up-regulated. There is limited data on the expression of target genes of the *miR-200* family in colorectal adenoma and, to the best of our knowledge, only *CDKN1B* and *SOX2* have so far been investigated, excluding studies on dysplastic lesions in inflammatory bowel diseases. Immunohistochemistry for *SOX2* has shown that it is expressed in a minority of adenoma cases and all of them were with high-grade dysplasia \[[@B51-jcm-08-01603],[@B52-jcm-08-01603]\]. Similarly, both of our cases that showed expression of *SOX2* (also showing expression of *PTPN13* and *ZEB2*) were adenomas with high-grade dysplasia. Our results thus suggest that an inverse expression of the *miR-200* family and *SOX2* might contribute to the differentiation/proliferation of cells also during CRC cancerogenesis, as already described in neurons \[[@B53-jcm-08-01603]\]. *CDKN1B* was expressed in all cases of adenoma, however, limited published data have reported that *CDKN1B* is not expressed in approx. 20% of adenomas and carcinomas \[[@B54-jcm-08-01603]\] and that its expression does not significantly change during the adenoma--carcinoma sequence/progression of CRC \[[@B55-jcm-08-01603]\]. The only gene that was in correlation to all investigated miRNAs was *RND3*, also known as *RHOE*. *RND3* plays a critical role in arresting cell cycle distribution, inhibiting cell growth and inducing apoptosis and differentiation, and is implicated in processes such as proliferation and migration through cytoskeletal rearrangement. Although it appears that this protein is differently altered according to the tumour context, it has been demonstrated that aberrant *RND3* expression may be the leading cause of tumour metastasis and chemotherapy resistance with a pro-tumourigenic role \[[@B56-jcm-08-01603],[@B57-jcm-08-01603]\]. Accordingly, in tumour and adjacent normal tissues from 202 patients with CRC, including 80 nodal metastases, Rnd3 expression using immunohistochemistry was analysed. Its expression was significantly correlated with depth of invasion, lymph node metastasis and distant metastasis. Most importantly, disease-free and overall survivals were significantly poorer for patients with Rnd3-positive tumours than for those with Rnd3-negative \[[@B58-jcm-08-01603]\].

We were not able to detect expression of certain EMT markers. First, we were not able to detect expression of *miR-205* in the tissue samples of normal colon mucosa, adenoma or CRC. Although there are some published studies on *miR-205* expression in experimental models of CRC, only a few of them have described expression in tissue specimens of patients with CRC \[[@B59-jcm-08-01603],[@B60-jcm-08-01603],[@B61-jcm-08-01603]\]. In all of them, *miR-205* was down-regulated, detected on fresh frozen tissues. Members of the *miR-200* family have been observed not only as regulators of EMT but also of EMT-transcriptional factors (EMT-TF), e.g., *ZEB1* and *ZEB2*. However, *ZEB1* was below the detection limit in our samples, whereas *ZEB2* was expressed. In the case of EMT-TFs, there is a possible difference in spatiotemporal expression, depending on the tissue context and tumour type \[[@B11-jcm-08-01603]\]. Members of the same EMT-TF family can even have antagonistic functions. Furthermore, it has been demonstrated that activation of any single EMT-TF is sufficient to induce partial/incomplete EMT and an absence of specific EMT-TF cannot be considered to be proof of the absence of EMT \[[@B44-jcm-08-01603]\]. We were also not able to detect a target gene of *miR-200b*, *WAVE3*, involved in actin cytoskeleton remodelling, participating in the control of cell shape \[[@B13-jcm-08-01603]\].

One of the limitations of our study is a different comparison between adenomas and CRC, and normal mucosa. In excised adenomas (because of endoscopic removal), normal mucosa is often not present, or it is present in very small amounts. In contrast, in patients with CRC, the colon was resected and all resected specimens contained normal mucosa. Each CRC sample was therefore compared to its corresponding normal mucosa as paired tissue samples, using the Wilcoxon Rank test. In contrast, adenomas were compared with normal mucosa samples of CRC resected samples as independent groups of samples, using the Mann--Whitney test. The difference in genetic background, which should be eliminated when comparing paired tissue samples, could lead to overestimation of changes in expression in adenomas in comparison to normal mucosa. Another limitation is related to "normal" samples, which very often present a significant problem in human research. As healthy colon is not resected, truly normal mucosa cannot be obtained. In our study, "normal" samples were taken at least 20 cm away from the tumour and they showed no microscopic abnormalities. However, genetic and protein aberrations may also be present in morphologically normal mucosa \[[@B62-jcm-08-01603]\], although it seems highly unlikely that EMT is activated in such samples. We therefore believe that, despite certain limitations, these samples may be used as corresponding control samples to overcome differences in the genetic background. Moreover, in addition to tumours, various inflammatory diseases, infarction etc. are also an indication for colon surgery. However, when studying EMT, these resection specimens are not suitable for "normal" control, since EMT can also be activated in these diseases.

5. Conclusions {#sec5-jcm-08-01603}
==============

Comparing the expression of the *miR-200* family and their target genes in adenoma and CRC with and without nodal metastases showed three patterns. The first pattern was observed in adenoma in comparison with normal mucosa. The second, and opposite to the first, was observed in CRC compared with adenoma and the third pattern was observed in cases of CRC with nodal metastases. Interestingly, all investigated miRNAs were down-regulated in cases with a reduced E-cadherin expression and were mainly down-regulated at the invasive front in comparison with central parts of the tumour. Our results strongly support the postulated hypothesis of partial EMT and ITH during CRC cancerogenesis.
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![(**A**) Tubular adenoma. HE, orig. magnification 100×; (**B**) Immunohistochemistry for E-cadherin in adenoma (*n* = 10): diffuse, strong membranous reaction. Orig. magnification 100×.](jcm-08-01603-g001){#jcm-08-01603-f001}

![(**A**) Moderately differentiated adenocarcinoma. HE, orig. magnification 40×; (**B**,**C**) Immunohistochemistry for E-cadherin in adenocarcinoma (*n* = 30): strong membranous reaction in central part of the tumour (**B**) and focally reduced staining at the invasive tumour front (**C**). Orig. magnification 100×.](jcm-08-01603-g002){#jcm-08-01603-f002}

![Expression of *miR-200* family and their target genes in adenoma (*n* = 10), CRC N0 (*n* = 13) and CRC N+ (*n* = 17) in comparison with normal mucosa (*n* = 13, *n* = 13 and *n* = 17, respectively): (**a**) Expression of *miR-200* family; (**b**) expression of target genes of *miR-200* family. Legend: CRC, colorectal carcinoma; N0, without nodal metastases; N+, with nodal metastases; \* *p* ≤ 0.05; \*\* *p* ≤ 0.01; \*\*\* *p* ≤ 0.001.](jcm-08-01603-g003){#jcm-08-01603-f003}

![Correlations of expression of *miR-200* family and their target genes in CRC N0 (*n* = 10): (**a**) correlation between *miR-141* and *CDKN1B*; (**b**) correlation between *miR-200a* and *TGFB2*; (**c**) correlation between *miR-200c* and *RND3*.](jcm-08-01603-g004){#jcm-08-01603-f004}

![Expression of the *miR-200* family and their target genes in adenoma (*n* = 10) in comparison with CRC N0 (*n* = 13) and CRC N+ (*n* = 17): (**a**) expression of the *miR-200* family; (**b**) expression of *miR-200* family target genes. Legend: CRC, colorectal carcinoma; ΔCq, delta quantitation cycle; N0, without nodal metastases; N+, with nodal metastases; \* *p* ≤ 0.05; \*\* *p* ≤ 0.01; \*\*\* *p* ≤ 0.001.](jcm-08-01603-g005){#jcm-08-01603-f005}

![Expression of the *miR-200* family and their target genes in CRC N0 (*n* = 13) in comparison with CRC N+ (*n* = 17): (**a**) expression of the *miR-200* family; (**b**) expression of *miR-200* family target genes. Legend: CRC, colorectal carcinoma; ΔΔCq, delta quantitation cycle; N0, without nodal metastases; N+, with nodal metastases; \* *p* ≤ 0.05; \*\*\* *p* ≤ 0.001.](jcm-08-01603-g006){#jcm-08-01603-f006}

![Heat-map of *miR-200* family expression at the invasive front in comparison with central parts of the CRC. Legend: C, central part of the tumour; CRC, colorectal cancer; exp, expression; FC, fold change; IF invasive front; N0, without nodal metastases; N+, with nodal metastases.](jcm-08-01603-g007){#jcm-08-01603-f007}

![Expression of *miR-200* family and their target genes in adenoma, CRC N0 and CRC N+ based on E-cadherin expression: (**a**) expression of *miR-200* family; (**b**) expression of target genes of *miR-200* family. Legend: CRC, colorectal carcinoma; N0, without nodal metastases; N+, with nodal metastases; 1, preserved expression of E-cadherin (*n* = 6, *n* = 6 and *n* = 8 for adenoma, CRC N0 and CRC N+, respectively); 0, weak or focal loss of E-cadherin (*n* = 4, *n* = 7 and *n* = 9 for adenoma, CRC N0 and CRC N+, respectively); \* *p* ≤ 0.05; \*\* *p* ≤ 0.01.](jcm-08-01603-g008){#jcm-08-01603-f008}

jcm-08-01603-t001_Table 1

###### 

Probes used for miRNAs and mRNAs quantification using quantitative real-time PCR (qPCR).

  Probe Name    Probe ID Number   Length of PCR Product (bp ^1^)
  ------------- ----------------- --------------------------------
  *B2M*         Hs 99999907_m1    75
  *CDKN1B*      Hs00153277_m1     71
  *IPO8*        Hs 00183533_m1    71
  *ONECUT2*     Hs00191477_m1     57
  *PTPN13*      Hs01106214_m1     65
  *RND3*        Hs01003594_m1     91
  *SOX2*        Hs04234836_s1     86
  *TGFB2*       Hs01555416_m1     67
  *WAVE3*       Hs00903488_m1     57
  *ZEB1*        Hs03680599_m1     63
  *ZEB2*        Hs01095318_m1     58
  *RNU6B*       ID 001093         Nd ^2^
  *miR-141*     ID 000463         nd
  *miR-200a*    ID 000502         nd
  *miR-200b*    ID 002251         nd
  *miR-200c*    ID 002300         nd
  *miR-205*     ID 000509         nd
  *miR-429*     ID 001024         nd
  *miR-1274b*   ID 002884         nd

^1^ bp, base pair; ^2^ nd, not defined.

jcm-08-01603-t002_Table 2

###### 

Patients' characteristics and results of immunohistochemistry for E-cadherin.

  -----------------------------------------------------------------------------------------------------------------------------------------------------
  Group                    Age (Mean ± SD)   Gender (Male:Female)   pTNM ^1^           No. of Cases with Weak or Focal Loss of Staining of E-Cadherin
  ------------------------ ----------------- ---------------------- ------------------ ----------------------------------------------------------------
  **Adenoma (*n* = 10)**   61.00 ± 10.99     10:0                   \-                 4\
                                                                                       40.0%

  **CRC N0 (*n* = 13)**    74.62 ± 11.09     4:9                    pT1N0 (*n* = 1)\   7\
                                                                    pT2N0 (*n* = 2)\   53.9%
                                                                    pT3N0 (*n* = 8)\   
                                                                    pT4N0 (*n* = 2)    

  **CRC N+ (*n* = 17)**    70.88 ± 13.87     8:9                    pT3N1 (*n* = 6)\   9\
                                                                    pT4N1 (*n* = 4)\   52.9%
                                                                    pT4N2 (*n* = 7)    
  -----------------------------------------------------------------------------------------------------------------------------------------------------

**^1^** pathologic Tumor Node Metastasis classification \[[@B15-jcm-08-01603]\].

jcm-08-01603-t003_Table 3

###### 

Statistically significant correlations between expression of *miR-200* family and their target genes and association with E-cadherin staining.

  Correlations     *CDKN1B*   *ONECUT2*   *PTPN13*   *RND3*   *SOX2*   *TGFB2*   *ZEB2*   E-Cadherin
  ---------------- ---------- ----------- ---------- -------- -------- --------- -------- ------------
  ***miR-200a***   −0.360     −0.395      /          −0.325   /        /         /        0.474
  ***miR-200b***   /          /           /          −0.384   /        /         /        0.400
  ***miR-200c***   −0.503     /           /          −0.337   /        /         /        0.484
  ***miR-141***    /          /           /          −0.351   /        /         /        0.355
  ***miR-429***    /          /           /          −0.347   /        /         /        0.363
  **E-cadherin**   /          /           /          /        0.521    /         /        **1**
